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DAT« 

I 
> 

SCOPS I 

Thl« ip^elfleatlon dtflntt       optical Inaptction iMthodt 
which dlrtctly nwaaur«   dlf tort ion in traniparoncioi. 

^- •   -i- 

Outlinod horein art data and requlrcaants as follovtx 

a« Contributing factor! affacting distortion and 
tho oannsr Ij which thay nay be used or com- 
pensated. 

b# Determination of allowable limit» of distor- 
tion and where to use those limiti. 

(04 The mechanism and tools for the inspection 
methods. c 

FUNDAMENTAL CONSIDERATIONS: 

APPEARANCE OF DISTORTION: 

When Tlewlng a straight line through a transparency, which 
distorts, the straight line can be distorted in one or 
more of three ways. It can be stretched, compressed, or 
bent. If the distortion of this line produces stretching 
or compressing it may be undetected, but if it produces 
bending it Is easily detectable. Similarly, it is the 
apparent bending of straight lines which causes the great- 
est annoyance to pilots and is the clue that enables the 
pilot to be aware of the associated distortions of stretch- 
ing and compressing. Also the magnitude of bending indi- 
cates the relative magnitude of stretching and compressing. 
With these facts understood it can be determined by general 
agreement of pilots, the amount of distortion permissible 
in enclosure transparencies. The measurement of this de- 
cree of bending of Straight lines by distortion will estab- 
lish definite limits for the inspection method. 

It can be seen from the foregoing that it is necessary to 
couple distortion the pilot observes with that which is 
measured during inspection. 

' 
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2.2.1 

2.2.2 

2.2.3 

FUNDAMENTAL CONSIDERATIONS      (Cont) 

EFFECT OF OBJECT ATTITUDE: 
. 

Another point for consideration, If the attitude of the 
observed ftraight line relative to the traniparency. As 
prerlouslj stated, distortion which stretches or com- 
presses, can be present and still be undetected. For 
example, assume the horizon Is being viewed through an 
airplane windshield which produces distortion and the 
horizon attitude relative to the windshield is horizontal. 
In this attitude, also assume that the properties of this 
windshield are such that the distortion has stretched or 
compressed, but not bent, the straight line of the horizon. 
The distortion will then remain undetected, -if the airplane 
is banked kf  the attitude of the horizon, relative to the 
windshield, changes by the same amount, but the distortion 
now bends the straight line of the horizon making the dis- 
tortion detectable. 

From the example above it can be seen that a treasparency 
in an airplane in service can produce distortion which 
varies with the relative attitude of the elements. The 
distortion can become undetectable or detectable with in- 
crements of only ^5* rotation between the transparency and 
the viewed object. The inspection method must duplicate 
this changing attitude in order to find the distortion which 
is seen and detected by the pilot. See Illustration Fig- 
ure I-A. 

Numerous tests have substantiated this changing distortion 
with changing attitude between transparency and viewed ob- 
ject and Figure I-B shows three such tests in which a 
straight line was rotated through 180*. The line was bent 
during« this rotation and the degree of bending was measared 
and plotted on a graph to construct the curves. The maxi- 
mum and minimum distortion consistently occur with kp  of 
rotation. These curves also show distortion peaking at two 
places which consistently occur with approximately 90* of 
rotation. One distortion peak is usually greater. 

•. 
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FUNDAMENTAL CONSIDBRATIONS  (Cont) 

EFFECT OF TRANSPARENCY POSITION« 

Th« aaount of distortion •••n, vhtn tht lint of flfht li 
90* to tht trtniptrtney. If no mttsurt of tht amount which 
will bt tzptrltneed as tht lint of tight bteontt tomt othtr 
tnglt. Trantptrtnclts In aircraft art almost always In- 
stalltd at somt tnflt othtr than normal to tht pilot's lint 
of slfht. Usually, as this anglt of Incldtnct btcomts 
grtattr, tht distortion Incrtasts. Rowtrtr thtrt Is no fac- 
tor by which this Incrtast can bt prtdlcttd. In somt In* 
stancts tht distortion obst^rtd was grtattr with tht lint 
of sieht at 90* to tht transpartney than at an anglt Itss 
than 90*. Tht irregular behavior of distortion, rtlatire 
to tht anglt of incldtnct bttwttn tht pilot's lint of sight 
and tht transparency surface, makes necessary tht traluation 
of distortion in tht transpartney as it will ultlmattly bt 
Installed in tht aircraft. Tht insptction method a must ex- 
amine tht transpartney in tht samt relative position as the 
one in which it will bt installtd. 

In all aircraft tnclosurts the position of tht pilot's 
tyt(s) rtlatlvt to the transparencies is defined and it is 
this point from which all distortion is evaluated. Lines 
of sight taken from any position other than the pilot's eye 
position automatically change most of tht incldtnct angles 
of the lines of sight. Any change in these angles rtsults 
in difftrtnt distortion. Tht location of tht pilot's tytls) 
when viewing through the transparency is also the point 
which must be used in the inspection mechanisms. 

EFFECT OF OBJECT DISTANCE AND OBSERVER DISTANCE i 

The magnitude of distortion can be increased when viewing 
an object through a transpartney by increasing the distance 
between the object and tht transpartney. With an obJtct at 
infinity tht distortion observed will be at its greatest 
possible amount and as this distance (between object and 
transparency) is reduced the amount of distortion will also 
bt reduced until both distance and distortion approach aero. 
In order to verify these facts, tests were made to determine 
the variation of distortion with increasing object distance 
from tht transparency. As shown in Figure 2 a fixed dis- 
tance between transparency and viewing point was selected 
And the o distance between transparency and object was 
varied. At definite distances the amounts of distortion 
were measured to plot a curve. The six curves shown in 

r ■"•; ■•ifci >■ kVjJ^:*ahj| 



ANALYSIS 

PREPARED BY 

CHECKED BY 

REVISED BY 

C   O   N   V  A   I    R 
1iS !,ifi f] 

' i.        i     " • '. 

PAOE    «f 

REPORT NO     8»(773CO 
MOpEL 

DATE 

2. 

2.»f.2 

2.5 

2.5.1 

2.6 

2.6.1 

2.6.2 

FUNDAMENTAL CONSIDERATIONS       (Cont) 

Figure 2 vere all dtrlvtd by viewing through the same area 
of the lane transparency.   Each curve shown used a f?xed 
distance between the transparency and viewing point.    The 
distance Is  indicated on each curve. 

With the ability to predict the variation of distortion 
relative to the distance between transparency and viewing 
point and the distance between  transparency and viewed 
object it is possible to calculate the percentage of max'- 
miun distortion that will be present with any fixed com- 
bination of distances.    When a pilot v4ews a straight 
horizontal line through the windshield such as used for 
the curves In Figure 2, with his eye 3 fsst from the wind- 
shield and the line 7 feet from the windshield, the straight 
line appears bent 3.M+»,    See Figure 2.    When the sane line 
Is moved along the line of sight to an infinite distance, 
represented by the horizon.  It will appear bent 5.38*   (See 
Figure 2, 3 feet curve at 10,000 feet).    The 5,18*  !■ the 
maximum amount of distortion because the horizon, for all 
practical purposes,  is an Infinite distance from the wind- 
shield. 

REPLACEMENT OF VIEWED OBJECT WITH OPTICAL IKAflll 

The object as seen through a transparency by the pilot can 
be recreated as an optical image.    The pilot's point  of 
view is replaced with a projector and from an actual  object 
within the oroiector li^ht can be projected throurh the 
transparency to produce an optical Image of the object. 
The object  image focused at infinity will show the same 
maximum distortion characteristics that are experienced by 
a pilot viewing actual objects at infinity.    Also the mag- 
nitude of distortion shown by the object  Ima^e will de- 
crease as the distance between the transparency and the 
object image becomes less.    Curves in Figure 3 show the 
percentage of maximum distortion obtained for a given 
distance of object image from projector. 

INSPECTION  METHODS: 

INSPECTION ICTHOD I:     Inspection Method I is the  inspec- 
tion of an optical image of an object as seen through a 
transparency and observed from the pilot's point of view. 

INSPECTION METHOD III    Inspection Method  II  is the  inspec- 
tion of the object Image projected through a transparency 
from the pilot's point of view and observed on the actual 
object side of the transparency. 

romtt i»n-» 
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a« FÜMDAMKNTAL CONSIDERATIONS      (Cont) 

2,7 LIMITATIONS 1ET bY ACTUAL EXPERIEKCUi 

2.7.1 Tho entire extent of transparent area within aircraft pilot's 
enclasures Is useful and due to the maneuverability of 
aircraft certain areas become optically critical.    The 
maneuvers of final approach and landing an airplane generally 
require the same area of visibility through the transparency 
and this is the most Important area.    This is the critical 
vision area and shall proauce minimum distortion.    This will 
be tone "A".   A slightly lesr critical vision area, but also 
important, is the viewing area required for taxing and gliding 
turns*    This area will be sone "B".    Non-critical vision areas 
are those irvolved in straight climb, cruising, level turns, 
take-off runs, and straight glide.    This is important area 
outaide "A" and "B" and this will be «one "C".    The remaining 
useful area for general viewing is the least critical vision 
area and will be aone *J)*,* 

* Taken from C.A.A. Technical Development -enort No. 123 
"Airline,,Pilot" Cuestlonnaire Study on Cockpit Visibility 
Problems • 

• See C.A.A. Technical Development Report Ko. 179 "A Study of 
Pilots Eye Movements During Visual Flight Condltlon8,, for a 
guide in zoning. 

2.7.2 The following table hea been established from the opinions of 
experienced pilotc. The pilots wpre mrjeat»d to look throufh 
numerous pieces of windshield glass used in the Con/air 
340 commercial airplane,    (Pilot anrt plass located correctly with 
respect to eye point and angle of incidence).    Each piece was 
classified by the pilots aa Either objectlonal, marginal, or 
aecrptable.    The transparency was then inspected by the method 
outlined in this .specification, and values for the    i^WSt- 
distortion angles were  established. 

This table is representative of the values that are accurate for 
any tran?parflncy froir. the pilot's point of view. 

Consider^tlonB of the design and the manufacturing aft for each 
different tranE^arency configuration must be taken into account 
beforo maxlrcw. distortior. angles can be realistically 
established. 

• This criteria phall be establi.iheri for each transparency con- 
figuration and cplled out on the opplleablE drawing. 

. 
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MODEL 

PATE '^■ 

2. aTKDA>KHTAL CÜ,\!STDKR(lTIGr;S (Cont) 

SOHL. 
Dletortion Angle 
. (At frtfWyJ Zone Deflr.lti^n Mar.euvorn 

B 

2.7.3 

2.8 

2« Areri of Crttidl Approach 
Vision for Dan^erouc       I>r-3inc; 
Munouvera 

4«» Area of Critical 
Vision for Maneuvers 
(Outelde Zone A)   f 

Taxr/zve- 
Glidin.r Turns 

6o Area of Kon-Critical 
»ioion for Mcnauvern 
(Outside Zone A & C) 

Straigbt GUde 
Stnigbt Climb 
Cruising 
Level Turns 
Ttke-Off Run 

8» Area of No/-Critical 
Vlrion 

G'-rerol Viswififl 

Tho dlotcrtlon UMfls for each »one ahovo mupt be 
adjusted for the infection apparatus by the pereerenge 
of muxivam distortion obtained In Fl/rure 3, for 
Inspection Method I Krd Method II, 

The direction of sight required by the nllot, for the 
various BSMRnrsrs of the sirplansf can bo ireumrcd in 
degrios to the left, right, «p and do^-r.   For all the 
comon n^neuvers definite zones and dlstortlor limits 
v/ithin these «ores for the transparencies havs been 
established«    öy drawing the peometry of lines 
of sight a suppleriertnty drawing of uny p.irtlculnr 
transparency can be mde showing the nre« of efich 
zone.    Se» ^ ipure i.    Tills drawing sen :,-lno 1oeufe the 
pilot*n eyes poirt di-iensiondlly.    The supplsosntsr/ 
drawing serves to trar.sfer the zones to the treraparency 
to be insnected and -^Iso correctly positlou the 
transparency relative to the point which will be need 
lr the inspection tnechiinisns. 

CORP :LAriOl' Or ACTUAL EffBRIÖ'CE A. b INSP'.STICi   METHOD Ij 

The lirr.it e^t forth b-   pilots for distortion in a 
transparency is espentlaliy the distortion they have 
experienced in servlc« •    These limits can be considered as 
the ir.axinur.. 

•».•-^ 
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SAN OlICO 

' 
MBPOBT NO. 

OAt«     l ' 
■ ■      ■>    i « i i.i i i      »mi i «n        r»  '.TM.'I   ^ ,      ■  

FUHDAMSNTAL COKSIDKUpiONS  (Cent) 

aaovnt tht trantpartney will distort b«eauf« aott of tht 
objtcti Tlovod yk pilot! vill bo long dlftonoot fron tho 
trmnfpartncy. Tho Haiti eth bo eonTortod into Mafurod 
ancloi and thoio onf lot in turn con bo roduood by tho ro- 
qulrod aneunt for tho oonfinos of an inapoctien apparatua« 
Tho eurras ihovn in Fifuro 3 aro oada to corrtlat« aaxlnun 
diatortlon (diatortion loan by pilots) with tha Mallor 
aaoont of diatortien that vill bo aoon at tlaa of Inapoc- 
tion« In thoao six currof tha diatanoo botwoon vioiring 
point and trantparoncy and tht diataneo botwoon trantpar- 
oney and Tlovod objoet havt bttn addad togothar« To ox- 
plain tht uto of thoto ourrtt for corrolatlon, utt tho 
taao tat of eonditiona at in tha prorioua oxatplt« Aatunt 
a vioving point 3 foot fron a vindthiald vhieh it idan- 
tioal to tht pilot »t rolatlonthlp to thit vindthitld in 
actual uta« Tha objaot to bo Tlovod horo vill bt 7 foot 
dittant from tho vindahiold« 

▼loving point to vindthitld 

Object to vindthitld 

Total iatpootlon dittanoa 

■ 3 fttt 

■ 7 fttt 

• 10 fttt 

Nov uting tht 10 foot cunrt on Figurt 3 taka tha 3 foot 
lino on •DI8TANCI BETWEEN VIEWING POINT (PROJECTION. POINT) 
AND TRANSPARBNCT* acalo and at thO point of intorttotion 
vlth tht 10 foot CUTTO go aorott to tho "PERCENT OF MAXI» 
MOM DISTORTION" tealt and raad fh percent. 

In thia oxaaplos (Pilot ft Halt taken from table on page 6) 

Pilot Halt for dlttortlon   ■ Ö» 

Percent of aaxiaua dlttortlon ■ 6»f percent 

The intptetor thall accept a vindahiold thoving no greater 
dlttortlon than «M2*. 

CORRELATION OF ACTUAL EXPERIENCE AND INSPECTION MITBOD lit 

For print oontidtratlont ttt firtt part of Paragraph 2«8.1. 
ConTert pilot 9t dlttortlon liaitt by tho reduced aaount 

C 

C 

C 

C 

C 

c 
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3.1.1 

«•••«A 

,   .... fa 
^ B'. ■    Jim WA9*   8 

^ ' .       /' 'i "«At*,' 'A 
,        j {   .i    ••■■■. .   i mi. < . 

; 

FDNDAMniTAL COWIDBIUTIONS    (Cont) 
■ 

■hovn by th« evurrti in Plcuxt 3«   To «xpUln th« UM «T 
tlMtt ounrct for oerrolAtion, uft tht taa« tBt of oon- 
dltlent M in ozmplo of Fortfroph 2.8.1#    Afiuao a pro« 
jootlon point 3 foot fro« o wlndihitld ohieh io Idontloal 
to tho pilot*! roUtionthip to thit iftadthiold in actutl 
uoo.   Tho roorootod ob joe t (tho iaafo froa tho projootor) 
vill bo fooufod 7 foot diitont fro« tho wlndihlold. 

Projoetlon point to vindshitld 

Objoet iaafo to vindihiold 

Total inapootlon diotaneo 

■ 3 foot 

■ 7 foot 

• 10 foot 

• 

Nov ufing tho 10 foot ourro on Pifnro 3« tako tho 3 foot 
lino cm ^DISTAHCI BBTUSBH VIBWINO POUfT  (PROJECTION POINT) 
AND TRiNaPARBNCT» ooalo and at tho point of intoroootion 
within tho 10 foot eurro go csrofi to tho •PBRCBNT OF 
MAXIMUM DISTORTION11   foalo and rood 6»f poreont • 

In thli oxaoplot (Pilot •• llait titan fro« tablo on puc« 6) 

■' 

. 

> 

i 

■ 

Pilot Unit for dittortion 

Poreont of «axlBiia dittortion 

8» x .6V ■ 5.12» 

■   8* 

— o'f poroont 

! 

Tho inapoetor thall aooopt a vindahiold shoving no f roator 
distortion thtn y.12*. 

INSPECTION MBCHANISÄt 

INSPECTION »TROD 11 

Soo Piguro 5A for an illuitraticn of tho inopootion «oehon«* 
io« mod for Intpootion Mtthod I. . 

This «oohanisa usos a Ions in a position rolatiT« to tho 
transparonoy vhieh is tho sano as tht rolationship botvoon 
tho position of tho pilot U 07o(s) tnd tho transparonoy. 
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3.1.2*1 

t   i 
r 

INSPECTION MBC1UNI0NB      (Cont) 

An illunlnatBd grid It vlBVBd through th« traniparcney 
and th« vlBWlng It tocompllfh«d utlng tht Itnt.   Tht 
Itnt produett an laagt of tht grid on a frotttd vltw- 
platt for Intptctioru 

OR23)t 

Thlt It a truo grid utlng ttraight parallal llnti.   Only 
paralltl llntt Intttad of erett grldt art uatd to arold 
confution.   Tht grid mutt bt ttdt to rotatt In ordtr to 
rtproduct tht changing attltudt bttvten tht tranipartncj 
and tht Tltwtd objtot In ttnrlet. 
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3. INSPBCTION MPBaiUSNS;' (Cofct) 

3a.2.2 

3.1.2.3 

3.1.3 

3.1.3.1 

3.1.3*2 

3.1 A 

3.1A.1 
■ 

3.1A.2 

3.1.5 

3.1.5.1 

3.1.5.2 

The grid Is a trtntluesnt mat «rial with black Unas and if 
illuminated fron the back side.    Ths black Unas should 
hara a tmlfom spacing and tha grid should bs locatad at 
tha graataat practical distance from tha lens. 

Grid pise 80.0 inches dianater 
■ 

Line alia .03 inches vide 

Line spacing .50 inches 
'■ 

Grid to lens distance 90.00 inches (7.5 feet) 
■ 

TRANSPARSNCY MOUNT: \ 

The transparency is supported in a fixture that holds it in 
a position duplicating the transparency's actual position 
in an airplane. \ 

lff when inspecting a transparency, it is not possible to 
cover all the transparency vith one Tievlng, the trans- 
parency can be aorad for additional vlevlngs.    The move- 
ment must be made by rotating the transparency about a pirot 
point on the inspection machine that vill correspond to the 
pilot's head rotation relative to his eyes« 

LENS 1 
\ 

A lens becomes the inspection viewing point and the optical 
center of the lens is at the single; point which represents , 
the point midway between the pilot's eyes. 

The lens is 28.00 focal length,  I16.3 focal ratio, irla 
diaphram to l:6*f focal ratio, field of view 53# cone 
approximate and distortion and spherical aberration free. 

CORRELATION PROCEDURE FOR  INSPECTION METHOD It 

In order to correlate the maximum distortion in a trans- 
parency with the distortion inspected,.refer to Figure JL, 
Consideration must be given to the various distances between 
all parts of the transparency and the Inspection machine 
point which represents the pilot's viewing point. 

EXAMPLEt 

object distance to point representing pilot's viewing point 
in the inspection mechanism is 7*5 feet and for the maxi- 
mum oorerage the transparency has been centered on the op- 
tical axis.   The distance along the optical axis from the 
pilot's viewing point to the transparency is 2 feet. 
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1       • 
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DATS 

\ 

< 

,• - 
1 

: 

P 

- 

■ 

3.1.5.3 

■ 

INSPECTION leCH^TISMB    ..(Ctot) 
•I 

Tht diitanot at th« nsarsit point it 1 foot and at tht moat 
distant point la 3 fast. Rsfsrrinf to Plgurs 3  thrss 
"paresnt of naxlnun dlitortlon" raluss using ths 7*5 fast 
eurrs are obtains*. 

1 Pt. Tlavlnt Pt. to trantparonoy ■ 'fS parcant 

2 Pt, ylswlng pt. to tranaparsncy «57.5 paresnt 

3 Pt. ▼isvlng pt. to tranaparsncy ■ 5^ paresnt 

3 

Avsrafs paresnt of naximum distortion « 53.16 paresnt. 

Por this particular transparency any distortion inspsetsd 
can ba eonsidarsd 53.16 psreant of ths maximum amount of 
distortion Tisibla through tha transparsney viewing infi- 
nitsly distant objects. 

Ths folloving shows ths snail angle differences reaulting 
from using the arerage percentage of maximum distort Ian 
with this transparsney. 

Zons "A" is from 1 foot to 2 fsst from ths pilot's viewing 
point. 

Zons "A" « 2* maximum permissible distortion angle 

1 ft. wlewlng point to transparsney « WJ psreant 

2 ft. vlswing point to transparency ■57.5 percent 

Percent of maximum distortion average « 53*16 percent 

2*x.V8 » .96* inspection distortion limit for 1 ft. 
distance 

2»x.575 ■ 1.15* Inspsctlon distortion limit for 2 ft. 
distance 

2,x.53l6 • 1.06# average Inspsctlon distortion limit for 
this transparency 

iUHKlf1 ■ 1.05» average inspsctlon distortion limit 
/a .".•■■■.• 
for sane *A" 

\C' \ 1 **~ — 
fo«M ••ia«4 
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3.2 

3.2.1 

5^.2.2 

3.2.2,1 

3*2.2.2 

3.2.3 
3.2.3.1 

INSPECTION 
< ■ 

;• (Öont) 

Zon« NBN in from 2  feet to 3 feet from the pilot »s viewing 
point. . 

Zone *B* » ^ MZiaun peralfsible distortion angle 

2 ft. vlewinf pt. to treniperency * 57«? percent 

3 ft. viewing pt. to treniparenc/ ■ 5V percent 

Percent of uxlnua dlitortlon average ■ 53*16 percent 

^•x.575 • 2.3* Inapectlon dlatortlon Halt for 2 ft. 
dlitanee 

^•x.JV ■ 2.16» Inipectlon dlatortlon limit for 3 ft. 
dlatanee 

If*x.53l6 ■ 2.13* average inspect ion dlatortlon limit 
for this transparency 

2.3H2.16» „ 2,23» average dlitortlon limit for Zone "B* 
2 

In the above case it la practical to average out the per- 
centage of maximum distortion. 

INSPECTION METHOD lit 
■ 

See Figure ?-B for an Illustration of the inspection 
mechanism used for Inspection Method II. 

This mechanism uses a proj>« tor in a position relative to 
the transparency which is the same af the relationship 
between the position of the pilotU eyeU) and the trans- 
parency, in image of a grid la projected through the trans- 
parency on to a transluscent view screen for inspection. 

GRID: 

use parallel line rotatable grid. See Paragraph ^.1.2.1. 

The grid la on a photographic transparency with clear spaces 
and black lines. The lines are to be .032 wide and equally 
SDaeed at .30 to «WO on their projected image focused at 
100 Inches distance. 

TRAHSPABBNCY MOUNT l 

Use actual position. See Paragraph ^.lO.l 

w««-* 
. .-* .... . «• i  _. .*äj 
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MODKL 
OATI 

3. 

3.2.3*2 

3.2A 

3.2.V.1 

3.2.V.2 

3-2.^.3 

3.2AA 

3.2.5 

3.2.5.1 

3.2.5.2 

3.3 

3.3.1 

3.3.1.1 

3.3.2 

3.3.2.1 

3.3.3 

3.3.3.1 

INSPECTION MBCHAHISMS (Cont) 

When Bddltlon«! vlwings ar« ntcBSsary follow flrectlons 
in Paragraph !

K1.3.2. 

GRID PROJECTORt 

Th« projector position in the Inspection aachine is such 
that the optical center of the projection l«s is at the 
single point which represents the point midway between 
the pilot's eyes. 

The projector lens is 3.00 focal length, 11^.5 focal ratio, 
projection cone 53# approximate, and distortion and spheri- 
cal aberration free. 

Optical inspection projector envelope Drawinc 0-0700^. 

Optical inspection projector Drawing G-C7007. 

CORKBLATION PROCKDÜRS FOR INSPSCT10N METHOD III 
« 

Use Figure 3 and directions in Paragraph 3.1.5".1. 

See example of procedure in Paragraphs 3.1.5.? and 3.1«5.3« 
For Method II use Figure 3 to obtain parcentaj;e ol aaxlaua 
distortion values. 

TRAHSPARSNCY INSPECTION PROCSDORKSi 

POSITIONI^O TRANSPAHKNCy» 

By followinc th*  previous directions the transparency is 
properly situated within the inspection raechanisia. Tlie 
fol3owing describes tho inspection of the tran?pttr«jicy. 

INSPBCTINQi 

From the Inspector's position the image of the grid can be 
seen. The laage produced is the result of light which has 
passed through^the transparency and any departure fro« the 
normal appearance of the grid lines can be seen. This de- 
parture is distortion. 

0R1D ROTATIONi 

At first sighting distortion may or may not be apparent and 
in either case it is necessary to rotate the tPid. While 
the grid rotates the iaaga must continuously be obftPTBd. 
The distortion, if created by the transparency, causes the 
image of the grid line? to bend, straighten, band, and 
straighten afain as the grid is rotated through lfcO#. The 
distortion cycle.- pointed out here, repeats with continued 
rotation and the point of rotation where dirtortion produces 
the maximum bend In the ^rid lines can be found. 

I Ml«-* 
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MODEL 
DATC 

1 

3. 

3 .3A 

3-3A.1 

3.3A.2 

3.3.? 

3.3.5.1 

V. 

h.l.l 

k.2 

^.2.1 

V.2.2 

^•3 

>f.3.l 

INSPECTION MBCHANIS»  (Cont) 

DISTORTION MIASÜREKBNTi 

Grid rotation is fteppod tftaor« aaxlnmm lino bonding it 
found and it It hero chat tho bont lino it moaturod. 

Exaaplo of noaturlng bont linos it ohown in Figure 8. 

ZONE MASKINOt 
1 

Tho tone oatk piacod on tho transparency can bo toen on tho 
view screen or view plate. With tho naxiinun Unit angle 
for each tone on tho angle gages tho intpoctor oan compare 
tho maximum bont line in a tone vith tho correct gage for 
that tone. If tho bont lines (or lino) exceed tho angle on 
the gage the distortion present is greater than tho amount 
allowed• Such a trantparoncy shall be rejected. 

REQUIREMENTS AND TOOLS FOR INSPECTION: 

DRAWINGSt 

A supplementary drawing of the trantparoncy to be inspected 
shall bo provided. This drawinc locates tho tones on the 
transparency, locates tho pilot's viewing point, and po- 
sitions the transparency relative to the pilotvt viewing 
point. (Explained in the discussion pages 5 ftnd 6} 

LIMITSt 
»• 

The limits of distortion for each tone shall bo known. 
(See page 6) 

Tho limits of distortion shall be adjutted to the distortion 
that will be experienced In the inspection machine. 

Use Figure 3 for Inspection Method I and 

for Inspection Method II. 

ZONE MASKSt 
• 

A sot of tone masks for locating the tone treat on the 
trantparoncy shall be supplied to the inspector. The sot 
of matkt is designed to be placed on the transparency so 
that the area of each tohe will be defined on the inspector % 
view screen or view plate. One type of mask is suggested 
hero m illustration shown in Figure 6. This wire frame 
type mask hat the advantage of allowing tho intpoctor to 
observe more than one tone tX  a time and alto permits in- 
spection of distortion that may occur across tones. 

MM »4 
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5. 

5.1 
5.1.1 

5.2 

5.3 

5.3.1 

REQUIREMENTS AND TOOLS FOR INffFBCTIOR      (Cont) 

»ASURINO OAGEJ 

A ttt of angl« ms&turlng gag«s for uio vlth th« son« mtakt 
•hall bo suppliod to tho intpoctor.   Soo Plfuro 7 for an 
illuitration of an«la gages.    Tho anglot on thoio gagof 
shall bo tho adjusted Unit anglot allowed for each sone. 
See example on pages 6, 7» and 8, Paragraphs 2.8 and 2.9« 

NOTES1 

GRID ROTATION CONTROL» 

It Is Important for the Inspector to have control of the 
grid rotation. The rotation action should be comparatively 
rapid and It should be possible to reverse the rotation. 
Clockwise and counter-clockwise action and quick stopping 
results In positive centering on the exact position of 
maximum line bending. 

The Inspector shall have control of an Iris dlaphram In 
the viewing lens of Inspection Method I and in the pro- 
jection lens of Inspection Method II. It sometimes becomes 
necessary to increase the focal depth of the viewing or 
? rejection lens. When distortion is great and the grid 
Ines are severely bent they have a tendency to become wide. 

This Increased width can be restored to a sharp line by 
regulating the dlaphram. 

PHOTOGRAPHS: 

When it is necessary to photograph the distortion in a tran 
parency it can be accomplished directly in the inspection 
machine. First visual Inspection shall be made In the usual 
manner, (see Paragraph 3.3t Transparency Inspection), to 
correctly position the grid. The photograph can then be 
taken to record the inspected distortion* 

roMt I.I.-^ 
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NOTES  (Cont) 

For Inspection Method I largo photographs nay bo nsdo by 
using tho Inspection machine as a canora. The Inspection 
view plat« can bo replaced with a photographic plate to 
produce a photograph, iaall photographs aaj be made by 
replacing the inspection riewing lens with a standard 
camera. 

For Inspection Method II a standard camera may be used 
to photograph the grid image on the inspection riew Screen. 
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ROTATING GRID 

VIEW A-A 

DATA 
LENS-FOCAL LENGTH 28.00-»RATIO 16-3 
GRID • FROSTED PLATE GLASS .032 PARALLEL 
BLACK LINES AT .50 SPACES 

CONTROL SWITCH (GRID ROTATION)-! 

LENS IRIS DIAPHRAM CONTROL 

VIEW PLATE 
(FROSTED SIDE DOWN) 

INSPECTION BOOTH 

INSPECTOR 

ROTATING GRID 

FLUORESCENT 
LIGHTS 

REFLECTOR 

CUT AWAY VIEW OF INSPECTION MACHINE 

FIGURE 5 A 
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VIEW A-A 

Vtfi SCREEN FRAME 
IR«S OtAPHRAM CONTROL 

— CON^QL SWITCH (GRID ROTATION) 
OPTICAL AXIS 

TRANSPARENCY 

SUPPORT FIXTURE 

v—ROTATING GRID 
»ROJECTOR 

- TO FROSTED FACE 
OF VIEW SCREEN •-A    . 

SIDE VIEW CF INSPECTION MACHINE 

FIGURE 6-B 
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TRANSPARENT PLASTIC 

KNOB 
(OPTIONAL) 

.09APPROX. 

18.00SQ.APPROX. 
FOR METHOD II 

8.00SQ.APPROX. 
FOR METHOD I 

ANGLE GAGE 

FIGURE 7 
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MEASURING WITH AN ANGLE GAGE 
SHOWING LINE WITH GREATEST BEND 

MATCHING ANGLE ALLOWED FOR ZONE-0 
(ANGLES EXAGGERATED) 
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